Abstract-This paper presents optical response of polyaniline coated on tapered multimode fiber towards ammonia gas. Polyaniline was deposited onto tapered multimode fiber by spraycoating method. Surface morphology of the coating was observed under scanning electron microscope. Absorbance measurement was done using spectrometer while the coated fiber was exposed to ammonia gas with concentration varies from 0.125% to 1% at room temperature. The absorbance is proportional to the ammonia concentration. The response and recovery time is 2.27 minutes and 10 minutes, respectively.
I. INTRODUCTION
Ammonia is a colourless gas with a pungent smell, which only can be detected by human nose when the concentration is above 50 ppm. Despite its many important usages such as in fertilizer and refrigerator industry, it is very dangerous even at very low concentration. Therefore, monitoring of ammonia concentration is important in many application areas such as in chemical industry and medical diagnostic. Fertilizer and refrigerator factories that use pure ammonia need alarm system that gives warning on any leakage. In medical diagnostic of diseases such as kidney disorder and stomach ulcers, breath analyzer is needed to detect ammonia in few ml of exhaled air [1] .
Conducting polymer such as polyaniline (PAni), polythiophene and polypyrrole have received great attention in gas sensor application due to their short response time, simple method of synthesis, easy modification of their molecular chain structure and high sensitivity at room temperature. Early works explain polyaniline sensing mechanism based on conductivity changes when they are exposed to certain gases due to doping or dedoping process of the conducting polymer. Conducting polymer such as PAni is well-known to be sensitive to ammonia because of dedoping by deprotonation process. The protons from PAni were transferred to ammonia's molecules to form ammonium ions, results in increase of the PAni layer's resistance [2] . Ammonia sensors using PAni based on electrical transducers were reported in [3] and [4] .
Besides change in conductivity, gas adsorption onto the PAni layer also alter its optical absorption coefficient [5] . Therefore, it is suitable to be used in optical based sensors. As compared to electrical sensors, optical sensor has advantages including immunity to electrical interference and possibility of remote measurement. The simplest optical sensor can be developed by depositing PAni thin film on a transparent glass substrate and measuring sensor response by observing the spectral change as the sensor exposed to the specific analyte [6] . Recently, evanescent-based fiber sensors have received great attention due to simple fabrication and low cost. The sensing mechanism is based on the interaction of the evanescent field with the sensitive sensing layer deposited on the fiber. The penetration depth of the evanescent field can be increased by removing the cladding [7] or tapering the fiber [8] . The cladding can be removed by chemical etching process. Ammonia sensors using PAni coated on remove-clad fiber have been reported in [7] and [9] .
In this work, ammonia sensor is developed by depositing a thin PAni layer onto waist region of tapered multimode fiber. In tapered fiber, the core and cladding remain intact at the waist region, making it less fragile as compared to the removeclad fiber. To the best of our knowledge, no work has been reported on ammonia sensor using PAni coated on tapered fiber.
II. EXPERIMENT

A. Tapered Fiber Fabrication
The tapering of the fiber was done using Vytran GPX-3000 glass fiber processor that uses graphite filament as heating element. Standard graded-index multimode fiber (MMF) with cladding/core size of 125µm/62.5m, were used in this experiment. Before tapering, the MMF polymeric coating was removed for about 3cm and cleaned with acetone. The machine pulls the fiber using 2 moving fiber holding blocks while heating it by the filament to produce tapered fiber with specified profile. Tapered fiber with waist diameter of 20 µm, waist length of 10 mm and transition length of 2 mm was fabricated.
B. Preparation and Characterization of Polyaniline Coating
Emeraldine base polyaniline (PAni) in powder form (dark blue) was synthesized through chemical polymerization process as reported in [10] at room temperature. 15 mg of the PAni powder and 15 mg of camphorsulfonic acid (CSA) were dissolved in 8 ml of chloroform to produce green colour solution of CSA-doped PAni with concentration of 3.75 mg/ml. The solution was stirred using magnetic stirrer for 1 hour at room temperature and sonicated for 1 hour. The CSA-doped PAni Fig. 1 : Illustration of PAni coated tapered MMF solution was sprayed onto the tapered MMF while the fiber was heated on a hotplate at 50
• C. The coated fiber was left to dry under fume hood for 30 minutes. The surface morphology of the PAni film sprayed on tapered MMF examined using Hitachi S-3400N Scanning Electron Microscope (SEM). Prior to SEM measurement, the sample was coated with 18nm of gold layer. The PAni coated tapered MMF is illustrated in Fig.  1 .
C. Absorbance Measurement Setup
The absorbance measurement setup is shown in Fig. 2 . The light source used is a tungsten-halogen lamp (Ocean Optics HL2000) that transmits light in the wavelength range of 360 nm -2400 nm. Meanwhile, a spectrophotometer (Ocean Optics USB4000) with spectral range of 200 nm to 1100 nm was used as spectrum analyzer. The analysis was performed using Spectrasuite software. The PAni coated on tapered MMF sample was fixed in a customized gas chamber. The amount of gas that flows into the chamber was controlled by gas calibration system with computer controlled mass flow controller (MFC). Each gas cylinder is connected to an MFC. The concentration of ammonia gas was controlled by diluting the ammonia in high purity synthetic air by adjusting the flow rate of each MFC.
Fig. 2: Gas testing setup
Absorbance measurement was carried out while the sensor was exposed to ammonia with concentrations from 0.125% to 1% (1250ppm 10000 ppm). In order to observe the sensor dynamic response, a few cycles of ammonia with 5 minutes exposure/cycle were purged alternately into the chamber with 15 minutes purified air to regenerate the sensor. 
A. Surface morphology of Polyaniline Coating
Surface morphology of the PAni coating at the waist region of the tapered MMF was observed through SEM images as shown in Fig. 3 . The PAni that was deposited using spraycoating method exhibits "cluster" morphology with different cluster sizes and randomly distributed across the surface, producing a layer with thickness of approximately between 1µm -2µm. Fig. 4 shows the absorbance spectra for the PAni coated on tapered MMF while it was exposed to ammonia gas with concentration of 0.125% to 1%. The absorbance response is in proportional to the ammonia concentrations within the wavelength range between 500 nm to 800 nm, with the highest peak occurs at 677 nm. The response indicates the sensing layer getting darker upon exposure to the ammonia. The increase in ammonia concentration has increased the rate of collision between the ammonia molecules and the PAni layer, which increase the rate of adsorption of ammonia molecules into the layer. Meanwhile, at the waist region of the tapered MMF, evanescent wave that penetrates through the cladding surface interacts with the PAni layer. The adsorption of the ammonia molecules onto PAni layer has changed its optical properties [8] . The increase in the absorbance level as the ammonia concentration increase shows that, larger fraction of evanescent field is absorbed by the PAni layer when more ammonia molecules adsorbed on its surface. Fig. 4 : Absorbance versus wavelength as the sensor exposed to ammonia Fig. 5 shows the sensor dynamic response in terms of cumulative absorbance where the absorbance was integrated over wavelength range of 500-800 nm. The rapid increase of the cumulative absorbance as it was exposed to ammonia shows a rapid adsorption process of the ammonia molecules onto the PAni layer. The response time of the sensor induced by 0.125% ammonia is 1.82 minutes. Meanwhile, the average response time for all concentration that was measured is 2.27 minutes. The response time is faster than the reported response in [5] , where their sensor response time is about 6 minutes. After 5 minutes of ammonia exposure, the sensor was regenerated by flow of purified air. Desorption of the ammonia molecules from the layer occurs at slower rate, observed from recovery time of the sensor, which is about 10 minutes. The sensor suffers a problem of base line drift after long exposure time to ammonia. This is due to accumulation of ammonia residues in the PAni layer [4] . However, the sensor can be fully regenerated through exposure to doping agent or thermal treatment [5] . IV. CONCLUSION An ammonia sensor with low operating temperature was successfully developed by coating tapered multimode fiber with polyaniline thin layer. The sensor response at room temperature was observed through absorbance measurement and the sensor was tested by exposing it to ammonia with concentration from 0.125% to 1%. The absorbance increases as the ammonia concentration increases. The response time and the recovery time of the sensor was measured to be 2.27 minutes and 10 minutes, respectively.
B. Sensor Response towards ammonia
